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$\mathit{2}n$ – $q=(q_{k}),$ $P^{=(}P_{k})$




$\{F,G\}=\sum(kn=1\frac{\partial F\mathfrak{X}}{\phi_{k}\phi_{k}}-\frac{\partial F\mathfrak{X}}{\phi_{k}\partial q_{k}}1$ (2)
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$Q(x),$ $P(x)$ $x$
$F[Q,P],$ $G[Q,P]$
$\{F,G\}=\int_{V}(\frac{\delta F}{\infty(x)}\frac{\mathfrak{B}}{\delta P(x)}-\frac{\delta F}{\delta P(x)}\frac{\mathfrak{B}}{\infty(x)})iV$ (3)
$\delta F/\alpha$ $(Q(x), P(x))$
$\frac{\partial}{\ }Q=\{Q,H\}\mathrm{J}$ $\frac{\partial}{h}P=\{P,H\}$ (4)
$q$ $P$
$(u^{\mu})=(q_{k},p_{k})$
$\{u^{\mu},u^{v}\}=\epsilon^{\mu}\gamma$ , $[\epsilon^{\mu}]\gamma=\lceil_{-I_{n}}^{O_{n}}$ $o_{n}I_{n\rfloor}$ (5)
$I_{n}$ , $\mathit{0}_{n}$ n n $0$ $\epsilon^{\mu v}$
$\{F,G\}=\epsilon\mu v_{\frac{\partial F\mathfrak{X}}{\partial_{\ell^{\mu}}h^{\nu}}}$
$\{F,G\}=\int d\kappa\int dy\{u(x),u(_{\mathcal{Y})\}}\frac{\delta F}{\ (x)} \frac{\mathfrak{B}}{\ (y)}$ (6)
$u=(Q,P)$
$\{Q(x),P(y)\}=\delta(_{X}-y)$ , $l^{p(_{X}}),$ $Q(y)|=-\delta(X-\mathcal{Y})$ (7)
$\}Q(_{X}),$ $Q(y)|=0$ , $\dagger P(x),$ $P(y)|=0$
(3) local skew-symmetric bilinear
form ( 2 ) :
29
$\{u,v\}=\int_{\Omega}a_{\mu v}(X,W^{\lambda}(X))u^{\mu}(x)u^{\lambda}(x)d\Omega(x)$ , $a$ $=-a$
$\mu v$ $\nu\mu$
(8)
















$G \dagger_{\mathrm{I}}=\int d\mathrm{X}\frac{\delta F}{\delta u(x)}(\frac{\mathfrak{X}}{\delta u(x)})_{X}$ ,
$H_{\mathrm{I}}= \int dx$ $[ \underline{\iota}_{(u}-)^{2}+u^{3}]$
2 $x$
$\dagger u(x),$ $H_{\mathrm{I}} \dagger_{\mathrm{I}}=\frac{\partial}{\ }( \frac{\delta H_{\mathrm{I}}}{\ (x)}1$




$\{F,G\}$ $= \int dx\frac{\delta F}{\ \iota(_{X)}}[-( \frac{\mathfrak{X}}{\delta u(\chi)})\prime\prime\prime u+4(X)(\frac{\mathfrak{B}}{\ (x)})’+2u’(X) \frac{\mathfrak{X}}{\delta u(\chi)}]$
$H_{\mathrm{n}}= \frac{1}{2}\int\ u^{2}(x)$
$\{u(x),H\}$ $=-(f \frac{fl}{\delta u(\chi)})’’’+4u(x)(\frac{M}{\delta u(x)})’+2u’(X)f\frac{fl}{\delta u(\chi)}$
$u_{t}=\{u(x),H_{\bm{\mathrm{n}}}\}\bm{\mathrm{n}}=6uu_{X}-u_{x\mathrm{t}\chi}$
























$v=$ rot $B$ , $\mathrm{d}\mathrm{i}\mathrm{v}B=0$
$\omega=$ rot $v=$ rot rot $B$ , $B(x)= \frac{1}{4\pi}\int_{\Omega}\frac{\omega(x’)}{1x-x’ 1}dx’$
$H$ ( $H(\omega)$ )
$H$ $= \frac{1}{2}\int_{\Omega}(v, v)$ $dx= \frac{1}{2}\int_{\Omega}$ (rot $B$ , rot $B$ ) $d\kappa$
$H( \omega)=\frac{1}{2}\int_{\Omega}(B, \omega)$ $dx= \frac{1}{8\pi}\int_{\Omega}\int_{\Omega}\frac{\omega(x)\omega(x)\prime}{\mathrm{I}x-\chi 1}$, $dxdx’$ (4. 1)
$\Omega=T^{3}$ $\Omega$
1 $x|arrow\infty$ 1 $v1arrow 0$ $\mathrm{I}\omega(x)|$ $0$
Lie-Poisson bracket :
$\{F,G\}=\int_{\Omega}\omega$ . $|( \mathrm{r}\mathrm{o}\mathrm{t}\frac{\delta F}{\delta\omega}),$ $( \mathrm{r}\mathrm{o}t\frac{\mathfrak{B}}{\delta\omega})|dx$
$= \int_{\Omega}\frac{\delta F}{\delta\omega_{i}}(_{(\omega\bullet\nabla g_{i}(\mathrm{v})\omega_{i}})-g\bullet)d\kappa$
$g=$ rOt $(\mathfrak{X}/\delta\omega)$ $[]$ (3. 1)
$H\langle\omega$)
$g=$ rot $(M/\delta\omega)$ $=$ rot $B$ $=$ $v$
$\omega_{t}=$ $\{\omega, H\}$
$=(\omega\cdot \mathrm{v})_{v}$ $-$ $(v\cdot\nabla)\omega$
$\omega_{t}$
$+\mathrm{v}\cross(\omega\cross v)=0$ , $\mathrm{d}\mathrm{i}\mathrm{v}v=0$ (4.2)
Euler








$g$ : $tarrow yt+X$ , $x,$ $y\in\Re$ , $y>0$




$e=$ $(\mathrm{O}, 1)$ $g=(x,$ $y^{)}$
$g^{-1}=(-x\mathcal{Y}^{-1}, y^{-1})$
$\mathrm{x}-\mathrm{y}$ { $(x,y)|_{\mathcal{Y}\}}>0$ $M$ $0$ $garrow g^{-1}$
$M$ $M$ $\mathrm{G}$ $M$
( $\mathrm{d}\mathrm{i}$ ffeomorphiC) $\mathrm{G}$ $M$
$dx^{2}+dy^{2}$




$\mathrm{G}$ 2 $g=(x,$ $y^{)}$ g+\Lambda g $=(x+\Delta\kappa, y+\Delta y)$ $g^{-1}$ left
translation $L_{-,- 1}$
.
$L_{-1,g}(g)=(0, 1)$ , $L_{-1,g}(_{gg}+ \Delta)=(\frac{\Delta x}{y}, 1+\frac{\Delta y}{y})$ .
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$g$ $X=(\xi,\eta)\in TG_{g}$ left translation
$L_{s^{-1}}^{*}$
$X=( \frac{\xi}{y’}\frac{\eta}{y})$
$TG_{e}$ Lie algebra metric
$<\overline{X,}\overline{X}>_{e}=\overline{\xi}^{2}+\overline{\eta}^{2}$ , $\overline{X}=$ $(\overline{\xi}, \overline{\eta})_{\in}TG_{e}$
$g$ left-invariant metric
$<X,X>_{g}=<L_{e^{-1}}^{*}X$ , $L_{g^{- 1}}^{*}X>_{C}= \frac{\xi^{2}+\eta^{2}}{y^{2}}$ (5.2)
(5. 1)
$M$ Lobatchewsky-Poincare





$\mathrm{G}$ Amold (1966) Amold
\Omega ( ) \Omega \Omega
$\mathrm{G}(\Omega)$ $\mathrm{G}(\Omega)$ Lie algebra \Omega
V $(\Omega)$ $\mathrm{G}(\Omega)$
configuration space $\mathrm{G}(\Omega)$ Lie V $(\Omega)$
2 u, v
$<u,$ $v>$ $= \int_{\Omega}(u(x), v(x))d\kappa$ (6.1)












$\mathrm{e}^{\mathrm{u}T}$ u one-parameter group
u $\mathrm{G}$ $g_{t}$ d8 $g^{-1}$





$g_{t}$ one-parameter group $0$
$\Omega$ 3 $0$ $u(x)$ $G$
$\mathrm{T}G$ Lie algebra commutator
$[u, v]=(u\cdot \mathrm{v}_{)}v-(v\cdot\nabla)u$ , $u,$ $v\in \mathrm{T}G$ (6.2)
(6. 1) fight-invariant metric (4. 1)
abilinear operation $B(u,v)$ :





$P$ \Omega – $\mathrm{d}\mathrm{i}\mathrm{v}B=0$
Amold (1966) ” ”
$\partial_{t}v=B(v, v)=-\omega\cross v-\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}P$
(6. 4)








2 $u,$ $v$ 2
$K(u, v)= \frac{<R(u,v)u,v>}{<u,u><\mathcal{V},\mathcal{V}>-<u,v>2}$ (6. 7)
(I) 2 $-$ $\mathrm{T}^{2}=$ }($x,y^{)}$ , mod $2\pi$ } (Amold 1966) .
2
$u=(\mathrm{s}\mathrm{i}\mathrm{n}.y, 0)$ , $v=(0, \sin x)$
$K(u, v)=- \frac{1}{8\pi^{2}}$
(II) 3 $-$ $\mathrm{T}^{3}=$ } $(_{X,y_{Z}},)$ , $\mathrm{m}\mathrm{o}\mathrm{d} 2\pi\}$
(Nakamura, Hattori&Kambe 1992; Kambe,Nakamura&Hattori 1992).
ABC $U_{\mathrm{A}\mathrm{B}\mathrm{C}}=(u, v, w)$
$u=C\cos y-A\sin z$, $v=A\cos_{Z}-B\sin X$, $w=B\cos x-C\sin_{\mathcal{Y}}$







2 $u,$ $v\in \mathrm{T}G(\Omega)$
$K(u, v)=-<\mathrm{Q}[u(\mathcal{V})]>+2<\mathrm{Q}[u(u)1,$ $v(v)>.$
$u(v)=(u\cdot\nabla)v$ , $\mathrm{Q}=\mathrm{I}- \mathrm{P}$ $\mathrm{P}$ $0$
$u(x)=u\wedge(k)\exp(ik\cdot x)$ $0$ $k\cdot u\wedge(k)_{=0}$








Poisson bracket Commutator Ovsienko&Khesin (1988)
formulate
Virasoro $V(\mathrm{S}^{1})$ Sl Lie algebra R
2\mbox{\boldmath $\pi$} (x), $g(x)$
) $V(\mathrm{S}^{1})$ commutator C
$\mathrm{F}\mathrm{e}^{-}\mathrm{c}$
$[f(x), g(x)]$ $=f(_{X})_{g’}(x)_{-g^{(}}x)f’(_{X})+c \int_{0}^{2f}rf/(X)g’’(x)d\kappa$ (7. 1)
Poisson bracket
$\{F,G\}_{\mathrm{n}}=\int d\kappa[2u(x)(_{\frac{\delta F}{\delta u(x)}}(\frac{\mathfrak{B}}{\ (x)})’- ( \frac{\delta F}{\delta u(x)}))’ \frac{\mathfrak{B}}{\delta u(\chi)})-C^{\frac{\delta F}{\delta u(x)}(\frac{\mathfrak{B}}{\delta u(x)}})’’’]$
$= \int dx[-c\frac{\delta F}{\delta u(x)}(\frac{\mathfrak{X}}{\delta u(x)})’’’+4u(_{X})\frac{\delta F}{\delta_{\ell(_{X}})}(\frac{\kappa}{\delta u(\chi)})’+2u(_{X)\frac{\delta F\mathfrak{B}}{\delta_{\ell(}x)\ (x)}}’]$
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$B(u, v)=\mathit{4}uv’+\mathit{2}u’v-cv’’’$ (7. 2)
H KdV :
$u_{t}=$ $\{u(x),H\}\mathrm{I}\mathrm{I}=-c(\frac{\delta H}{\ \ell(_{X})})’’’+4u(x)( \frac{\delta H}{\mathrm{a}_{\ell(x})})’+2u’(x)\frac{\delta H}{\ (x)}$
$u_{t}=$
$B(_{u}, u)=6uu_{X}-Cu_{\mathrm{R}}$
$<u,$ $v>$ $= \int_{\Omega}(u(x), v(x))d\kappa$
(7.1), (7.2) commutator bilinear form $B$ $($ 6. $5)_{\text{ }}$
$(6.6)_{\text{ }}$ $u,$ $v$ 2 (6. 7)
$c(_{u,v})$
$C(u, v)=<R(u,v)u,$ $v>$
$=<\nabla_{u}v,$ $\nabla_{\mathcal{V}}u>$ – $<\nabla_{u}u,$ $\nabla_{v}v>$ $+<\nabla_{1u},\mathcal{V}$] $u,$ $v>$
$=<(_{uv-u’v})^{2}>+cR_{1}+c^{2}R_{2}$
1 2, 3 $R_{1},$ $R_{2}$
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